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Heterophilic rolymorphonuclear granulocytes from the 
peritenes} exudate end lymphecytes from the eanprendix of 
the rabbit were irradiated with x- and beta-radiation in 
vitro, and the subsecuent oxygen untake of the cells wee 
taken as = cuantitative measure of the radiation effects. 
Wean reesniration values of the non-lrradiated controls 
expressed in microliters of oxygen per million cells per 
hour were found to be two hundred sixty-two cne theusaniths 
for the eranulocytes and six hundred eaixty-two one theue 
gendths for the lymohocytes. 

The dose ef unfiltered x-radiation that reduced 
eranulocyte oxyren consumption te fifty percent ef control 
cae twenty-three theussnd reentgens, snd the respir tion 
eurve followed an exponential depression after an initial 
etimulation. The lymphocytes are much zvore radiloseneitive; 
their fifty vcerecent Gose was six thousant roenteens, ond the 
regpirvuation curve was exvonentiol after an initisl depression. 

Using granulocyte susrensions as a dbilolorical indiestor, 
thie study found the relative biclogical effectiveness 


a 


Sb4S 





of beta radiation to be sbout one-nalf as great ae x= 
radiation. 

Headletion effects con respiration were shown to be 
etrongly dependent upon the pH cf the suspending mediua, 
and directly proportional to the hydroren ion concentra- 
tion over a ranges of one vH unit cround the oH of blood. 

The radiation effecte varied inversely with eranuliosocyte 
eoneentration in the suepensiocn, over the range from one 
tc sixteen times their concentration in perivheresi bliecd. 

irracdistion at ten to twenty degrees centirrade nad 
no definite effect on resriration, nor aid the "Aneubstion 
time" after irradiation. A reduced radiation effect was 
obtained when the cells were irradiated vith filtered 
x~radiation. 

It 1¢ concluded thet deatruction of the reripheral 
white blood cells is a miner factor in radiation injury, 
even thouch lymphoid and myeloid are the two most radice 


geneitive tissuer. 
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Changes in the blocd were among the first effeets of 
exrosure of the body to radiation which were reensgnized 
after Noentgen's criginal Giseovery. The best present 
index of radiation damage is the change in blocd end 
bleod=forming organs. Nevertheless, the mechaniem of 
radiation injury to the blocd cells ia stil? not fully 
unverstood, Nor is the relative effectiveness of 
Srradiation by the different ienizins perticles finally 
egteblished. Some of the effeets of irradiating rerinh= 
eral white blood cells in vitro have been investigated. 
Granulocyte and lymphocyte quepensiona obtained from 
rabbits were irradisted either with x= or beta»radiation. 
The gubsequent oxygen uptake of the cells wae used aS & 
quantitative measure of the radiation effeets cn the 


resrlration, 


Historical Review 

Ae dn Vive Irradiation 

The typical result of massive whole-body irradiation 
on the cranulocyte series is an initial moderate leukoe 
eytesis followed by a drop in the cell ecsunt. Haren, 
Jacobson, Murray, and Lear (5) found two peaks, at eight 
and st twenty-four hours, in the heteronhile ccunt of 
rabbits receiving 500 roentgens cof x=rndiation. These 


rises were followed by a granulocytorenia which diaarcseared 
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in eight to ten days. The transient leukocytosis is 
srobvably due to a mobilization of the granulocytes 
throughout the body. The esubsecuent leukonenia is 
attributed to the radiation damage te the hematcroletic 
tissue in the bone marrev. 

Glenn (2, 3) used the phagocytie index ae a measure 
ef the effect of radiation an rabbits. He found an in-~ 
Grease in the index 46 to 26 hours followinse 100 reentrens 
ef xerediation delivered te the trish, 

The lymrhocytes are the most sensitive of the 
perioheral bloed cells. After whole-body exposure to 
sincle doses cf radiation a lymphopenia anprears within 
twenty<four hours. £tearner, Simmons, end Jaerbson (20) 
found = sienifieant drop in the lysrmhocyte eount cf the 
pat after expesure te 25 roentrens. Vescovery follewlng 
a non-lethal dose beran, derendinge on the dose, within 
ea few hours and was commliete in a few weekea. 

Hagen, et al, alsa observed by fixed sections the 
rine of lymphatic tiesue in the rabbit aprsndix after 
in yiyo exposure to 400 reentgens. Tegeneration of the 
amall, and to 2 lesser extent, the medium and the large 
lympheeytes began at one hour after irradiation, ine 
ereased to a maximum at elgeht hours, and ended at twenty= 
four hours. The resulting celluler debris wae ranidly 
whagocytized by macrophages, while the heteroplastie 


regeneration of lymphocytes began within one hour. 
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De Bruyn (1) by means of histological studies after 
whole-body exposure, found the minimum detectable injury 
to rabbit lymph nodes sfter a dose of 50 roentgens. 


B. In Vitro Irradiation 

Studies on the radiation effects on white blood cells 
4p yitro have been carried out by several authors. Jelly 
and Lacassagne (6) compared rabbit blood after in yitre 
ami Jn vivo irradiation, and found ne effect on ecunt 
Gr motility of either the polyaorphonuclear granulocytes 
or the lymphocytes in the jn yitro samples. Spurling 
and Lawrence (19) used radium to deliver twice the erythema 
aose to citrated human blood. It was then examined for 
hietelogical chances at fifteen minute intervals fer one 
and oneehalf hours, without detecting any alteration in 
the leukocytes. 

Segood and Bracher (11) irradiated human bone marrew 
eultures containing lymphocytes as well ss mature wnd 
imeature cells of the granulocyte series. Their eriterion 
was the total end differential count, expressed in rer~ 
centage of the noneirradiated control, and they examined 
the cultures at daily intervals for a week following 
the exposure. At 400 roentgens, the lymphocyte count 
Gropoed immediately, reaching 2 minimum in three to four 
days, while the granulocyte count drop began at forty~ 
eight hours, reaching a Minimum in seven days. These 
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investigeatcra found no significant variation in effect 
with variation in quality (HVL varied from 1.54 mm Cu te 
0.36 mm Cu) or dosage rate (from 74 r/min to 7 r/min). 

A refinement of the appearance criterion was used by 
Tehrek (16) by adding eosin in Tyrode's solution to cel? 
suspensions after irradiation, then counting the unstained 
eelis, which were presumed viable. The suspensions were 
derived from rabbit bene marrow, spleen, and thymus, and 
from both lymphceytic and myelorenous leukemic human blood. 
Sehrek found here that exposure to 1,000 reentgens caused 
lympheeyte death after a three hour letent period, but 
left the granulocytes unaffected. 

Radiation effeets on granulocytes erecifically were 
Locked for by Knott and Watt (7) using first the avvear~ 
ance in stained falms and then the phagocytic rower aa 
en index. They found a radiation cuality variation when 
Oxalated human blood, held in a paraffin block to 
Minimize backsesatter, showed no damage after an exrnosure 
of two hours te deen x-rays, but definite damage anpesred 
after fifteen minutes ~hen blotting paver saturated in 
a metallic salt solution was slaced directly over the 
liguiG sample. Complete loss of rhagceytosis to 
stephylocoeci was found after an exposure lasting thirtys 
five minutes, which demonstrated thet the pharocytic 
function is a more sensitive index of cell damage than is 


microscopic anprearance. 
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Gunz (4) studied cultures made from patients with 
ehronic myeloid leukemia by tetal and differential counts 
and by the mitotic count. He found a significant reduetion 
in the number of immature cells present forty-eight houre 
after an exposure to 100 roentgens, or twenty-four hours 
after 1,000 or 10,000 roentgens. But the mature grenular 
cells were equally numerous in control and irradiated 
samples. 

Werk on lymphatie tlesue susrensions has been done by 
Stenstrom and King (21), who irradiated mesenteric lymph 
node cultures at dosages up te 15,000 roentgenna, sand 
oprerved migration and amebold movement over a verind 
of a month. They found an inhibition of migration following 
exposure. Sechrek (17) correlated dark field mierceesne 
observations cf irradiated lymphatic suspensions from the 
thymua with fixed ané stained spreads. He observed small 
vacuolea in one or a few focal sreas in the nucleus which 
developed glowly, although at a faster rate in exnosed 
than in control cells. Ee cencluced thet x-raye 
accelerate lymohocyte degeneration developing from fecal 
intranuclear arene of hydration. 

in summary, these observation show that lymrhecytes 
and imnature grenulocytes are nore radicsensitive than 
mature polymorrhonucilear leukocytes. Good cultures of 
normal periphera! blood cells and a sensitive, ouantitative 
ingey of radiation damsre to mature celis sre the major 
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techniques to be improved for further inveetigzstion on 
the action and mechanism of Lonizing radiation on white 
blood cella. 


C. White Cell Cultures. 

There are several techniques available for obtaining 
the peripheral leukocytes for in yitro studies. Human 
leukocytes may be separated frem normal ocr leukemic whole 
blood by leukocyte flotation (Vallee, Hughes, and Gibeon, 
25), by erythrocyte lysis (Singer, Silberbach, and 
Sehwartz, 18), or by erythrocyte sedimentation (Miner an< 
Burnett, 9). Human bone marrow cultures (Osgood and 
Sracher, 11) and "daffy coat" isolation from leukezic 
patients (Sehrek, 16 and Gung, 4) are methode which have 
been used by investigators fer studying irradiation 
effects in vitro. Cultures made by these techniques are 
net erythrocyte free, nor is there an isolstion of the 
different forms. The number of mature celle is low in 
all except the method which depended on the sensration 
from normal whole blood, in which ease the use of the 
agents such ae albumin and gramicidin probably affeets 
the morvhology and physiology of the cells. 

in the present study rabbit granulocytes were 
Obtained from the neritcneal exudate, a technique 
credited to H. J. Hamburger (Mudd et al, 10; Singer et al, 


18). This method, if net repeated at toc frequent 
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intervals (Ponder and MacLeod, 15) gives mature heterophilic 
erenulocytes (Class I or elder) in relatively large quantity, 
with negligible admixture of other cell types. 

Lymphocyte suspensions are most easily prepared from 
mineed lymrh follicies. The lymohatic tiasue may come from 
the mesenterie lymph nodes (Stenstrom and King, £1), the 
thymus and spleen (Sehrek, 16), the bene marrow (Cageod 
and Bracher, 11), or the submucosa of the rabbit 
yermiform preceas. The letter method was sugrested by 
Trofessor Myers, and was the method used for this problem. 
Sehrek (16) also used lymphocytic leukemic human dl004 es 
a tissue culture source. Markowitz (8, page 433) deseribes 
¢anntilation of the thoracic duct of dcgs as a poesible 
erocedure. Thies should give cells mest renresentative of 


those found in the nreripheral blocd. 


D, Reapiratery Metabolism. 

Respiratory setabolism values for exudative rabbit 
leukocytes were shown by Ponder and MaeLeod (12) to be 
independent of the cell concentration fer counts in the 
range from 19,000 to 125,000 cella per cubic millimeter. 
The seme investigatore (14) found the Qo, (mil 1a)n cells) 
to average 0.40 miercliters Co rer million celle per 
hour. Expressed on 2» dry weight oasis, this is sbout 
5.5 microliters S99 per millisramz Gry weight tiasue per 


hour, ‘The errore in estimating dry wei¢hts are nermally 
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greater than the counting error, therefore the Qo, (million 


celie) form of expressing the result is preferable. 


Materials and Methods 

Aw Tissue Culture 

Baudative granulocytes were ebtained for irradiation 
by a variation of the method of Mudd, Lucke, MeCutcheon, 
and Strumia (16). Three hundred milliliters of stertfle 
physioclorical saline were injected intransritoneally in 
ga rabbit, and the injection was repeated abcut sixteen 
houre later, For injection the rabbit waa nlaced on ite 
back, head down, on a rabbit board tipped about 30°, 
in this vosition the viscera wore shifted forward cut of 
the way, and an eighteen gauge needle was inserted about 
two inches below the umbilicus, near the midline. With 
the rabbit board returned te the horizontal a funnel on 
a rinestand was connected to the needie br flexible tubing 
end the saline solution introduced inte the peritcnes! 
cavity by gravity flow. Four hours after the sesond 
Anjeetion, avproximately 150 milliliters of perltonesl 
fluid were withdrawn by syringe with an olghteen gauge 
needie one ineh long which had four side holes drilled 
near the tip. The fluid exudate was received in 75 ml 
of eitrate~saline solution (0.7% aodium chloride rlus 
1.1% sedaium citrate), centrifuged st 1000 rpm for five 


minutes, and the scunernatent fluid was disearded. The 
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white ecelis were washed in citrate-saline, and resusnendeé 
‘2 a eoneentration of esbout 50,000 cells per cubic millimeter 
in buffered Ringer's solution composed as follows: 6.85% 
NaCl; 0.042% KCl; 0.024% CaCl,; 0.1% glucose; 0.06% 

Ka Po 4; adjusted to pH 7.4 with HePI4- The cells were 
counted with a hemocytometer. This technique was repeated 
at acrroximately weekly intervals for three months with no 
£12 effect on eny of the rebbites and without diminution in 
the number of cells recovered. Adult female rabbits of 
the New Zeeland gtrain, welghing about four kilograms, 
were used. 

The exudate was free of erythrocytes, and ecntsainedc 
about G,000 calls per cubie aillimeter, which were 
predominately (95%) heterophilic polymorphonuciesr rran- 
ulecytes. Almost one and oneenalf billion granulocytes, 
ar about two milliliters of packed cells were *harvested* 
eaoh time. The eranulocytes were phagocytic ts "scherichiea 
@oli ané& exhibited ameheid movemants. They remained vieble 
for at leaat twenty-four hours if held at 49°C, 

For the Lymnhoecyte studies a dense suspension was 
obtained from the layer of Lymmh follicles in the wall 
af the vermiform process cf the rabbit. The appendix 
was removed and the blind end cut off. The resulting 
flaccid tube was slit lengtheise, and when spread out 
end sinned, inside up, on a waxed hoard, was a rectangle 
of tissue zhich measured about thres by ten centimeters. 


The topmost layer of epithelium was rolled off, expesing 
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the middle layer of lymphocytes, which was scraped off 
and received in citrate-saline. 

‘This teennique gave from cne to two billion ¢eiis, 
whieh were handled, in general, the same ae the grenu- 
lecytes. The lymphocytes, however, congulate much more 
readily then de the granulocytes, so thet 1% was nececsary 
to add heparin (ebout 0.05 mg /m2) to the citrate-saline 
an? the buffered Pinger's sclutionn used for the 


lymohoaytes. 


8B. Irradiation 

A General Flectric Maxiaar deer therany inetealletison 
wa¢ used to irradiste the cell ausrensione. The ennstants 
were: 250 kyp, 15 ma, 22 em target to suspension, miniaun 
wave jJengeth 0.06 angstroms. Dosage was calibrated vith a 
Victoreen remeter. With no filter (except the 0.6 mm f1 
ecudvaient self filter cf the x-ray tube and the pyrex 
glaee test tube), the dosage rate was ACO roentgens rer 
minute, half value layer C.635 mm Cu, equivalent wave 
length as determined with 1/4 om Cv, 0.22 8. vath 
en eafded 1.0 mo alwainum filter the cocege rate wae 690 
reenteens per minute, HYL 0,642 mm Cu, equivalent wmve 
Length 0.21 R. 

The only eenvenient racdioeiaotone of rhosphorus ts 
une te POF, re dc 1.71 Mev (maximum) beta emitter, with 
no gamra radiation, Available from Oak Micge aa 


ayoreximately one@fiftieth molar phesphnorice acic, it is 
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readily incorporated inte a buffered Ringer's solution. 
The eelis to be irradiated were euspended in this "hot" 
buffered Ringer's at dossge rates up te 24 rep per minute. 
Caleulation cf doss was made using the geometry factors 
of Fichsrds and Rubin (15). 

The cetive phesphorus méetabolica cf the irradLated 
Celis waa Cemonstrated by the radioactivity which remained, 
in spite of several washings, after the cells were separated 
from the “hat” buffered Ringer*s seclution. The self-+ 
irradiation resulting from this poe uptake by the cells 
was negligible in comparison vith the dose administered 


by the radicactive suspending mediug. 


CG. Faspirometry. 

the peripheral white blocd celis have several 
cheracteristics which sre suitable as criterias of visbillty. 
Ameboic movement, chemstropic mcvement, sna chareeytesis are 
rrobabiy lese amenable to quantitative measurement then is 
cellular ragpiraticn. <Accerdingly, the *farbure ecenstante 
volume respirometer was usecd to measure oxygen unpteke 
after irradciaticn of the celle. 

the Verburg @ireet method deseribed in Umbreit, 
Burris ond Stauffer (22, pege 10) wae followeé. This 
teebnicue holds the gare and fluid volumes ecrmatant, 
absotbe ail of the cerbon dicxide evolved, and measures 


the 7ecrease in preseure eae Oxygen is consumed. The 
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volume of exygen utilized per hour, at standard eonditiona, 
ie computed. The celis were added in 1.5 milliliters of 
s buffered Ringer's solution, in a concentration of about 
60,000 celle per euble millimetor. This corresponds to 
ebeut fifteen aillipgrans dry weight cf eelis per flusk, 
oma gives about fifteen microliters cxyrer uptake per 
heur at S7Oc, 

Celis reeeliving a particular Gese were divided into 
frem four to eight aemples for the respiration measuremente. 


one ¢@lla jn suspension settle out under rravity, ond tend 


bed 


6 clump and form strings a¢ the suarension ages, This 
makee division into alicuota difficult, and causes moet 

of the verlation in uptake among rerliesate flaeke. 
Yolumetric errere were minimized by usine autemetic 
maipettes. The mean for each ret of samples was celieulated, 
ang the oxygen uptake erprereed as a pereentege of the 
upterke cf the noneirradiated eontrol. The £ diletribution 
wan veed to fird the limite that weuld include the 
repulaticon mean in 95% of a1] samples from a normal 
populsetion (Yinesr, 74, page 114), and this 954 eon~ 


fidence interval was pictted in nereentage cf control, 





Experimental Resulte 
A. Granulocytes 

Figures 1 through 7, fellowing, eontain the results of 
thie portion of the investigation. The "standard surve", 
Tiware 1, 1s for exudative granulocyte suspension buffered 
at of 7.4, exrnesed to unfiltered x-rays at room temperature, 
800 reentgens per stinute. These data show an inereased 
Yesriration up ts about 6900 roentzens, then 2 desererse with 
m Gose of 22,600 r eaueing 50% reduction in oxyzen ton= 
aumption. An exnonentisl survival eurve, fitted by the 
methed of least squaren without rorard to the contidence 
Lisite of the mointe, 18 shorn for comporison. 

Variation of effect due to adding a 1.90 am alwainun 
filter and so removing the softer xrerays is shown in the 
next vlot. Altheuch the quality and dose rats chance is 
ga@il, the radiation effect on axygen uctake is vuch 
leag than it is for the "standard curve’, 

Ficura 3% shows that one roentgon-eauivaloenteohysical 
of beta radiation from phosthorus corresponds tc 9.5 
reenteen of £80 kv?, 15 ma unfiltered x-radiation for 
the 50% Aose for eranivlocytes., This aorrespon’és te 
142 eres per pran tiscue or a valuo of 56.86 electron 
7Olts per ion pair in tissue. However, the dose rate was 
only 24 ren nar minute, and the Pe egpenension was held 
at 40¢, Tho variation of these varameters may be part 
of the cavee of this non-sequivalence of rer ant reentren 


for this blologwi¢cal syston. 
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One granulocyte culture was obtained from a rebbit 
which had reesived, one month previcusly, 1000 r of whele- 
body xeradiation. The cells were irradiated jn vitro 
end reepiration determined in the ususl manner. Cn th 
basis of there limited data (figure 4), the in vivo 
exvosure resulted in granulocytes which were more radice 
reaistant than thoce ebtained from rabbits that hed 
received no previcus exposure, 

The next three curves show the results cf changing 
the conditions during exposure. irradiation in the cold 
{figure 5) gave results similar to the standard curve 
below 15,000 r. Reaniratiocn was less depressed at this 
dose level, and was slightly stimulated in the threes 
samples receiving higher doses. 

Fisure 6 is a plot of oxygen uptake after 9,000 
r of filtered xeradiation against the pH of the buffered 
Ringer's cell suspension. The respiration 1s expressed 
An per cent of the uptake of the noneirradiated control 
hel. at the same pH, thereby eliminating the effect of 
pH on the method of resniration measurement. A gtrong 
@esendence on hydrogen ion concentreticn is evident, 
with @ maximum cell mortality when suenended in a slightly 
acid medium, A pH drop of 0.3 from the rhysiolorical 7.4 
doubled the radiation effect on granulocytes. This ri 
chenre also corresnonds to deubling the number of hydrogen 


fone in the suspension. Some of the seatter of the 
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points of the standerd curve, figure 1, is probably due 
to undetected variation in pH. 

the protection phenomena scesmpanying an increase in 
eel}. concentration is evident in figure 7. Leven deters 
minations of oxyzen uptake at each of two dose levels were 
pletted against the eoncentration of the cell susvensions. 
& linenr regreesion line was fitted by least acquares, and 
the correlation ceeffieient (Vinsor, 24, page 122) ond mean 
Value of oxygen uptake computed for each plot. {% 7,200 pr, 
the mean respiration was 20% of ecntrel, the correlaticn 
ecefficient 0.57. In the renge of coneentrations investi- 
gated, from cne to sixteen times the leukocyte concentration 
in the periphoral blood, a change cf 3C million cells per 
Ei. enuced a change of ten per cent in radiation effect. 

&& twice this dosage, 14,400 r, mean reapirction was 79%, 
eorrelation coefficient 0.357, and a ten per cent chanre 
resulted from a shift of 27 mallion celle per mi. Tris 
dependence of radiation effeet on cell ecneentraticn is 

one cause of the seafter in the dsta summarized in figure l, 
because the cell eoncentration was net the sate Por 
G@ifferent susrensions. 

The interval between beginning cf irradiation and 
beginning of the resrirometer readings averaged 2 1/4 
hours, and ranged from 1 1/2 to 3 &/4 hours. An anslrysis 
ef the date ehowed neo correlation between radiation effeets 
and thin "inevbaticon time.“ Hor was there any variation of 
effect of radiation on cultures prepared from different 
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5. Lyaphocytes 

Figures 8 and 9 depict the results from irradiaticn 
cf lymphocytes obtained from the appendix. The "lymphocyte 
standard curve” of figure & showe an immediate drop in 
activity, followed by an exponential ceeay. The 50% doge 
ig 6,000 r, about onsefourth ef thet for the granulocytes. 

A shallewer initial depression followe@ by an ax~ 
ponential drop in respiration wae obtained from beta 
drradistion of the lymphocytes. One roentgren=squivalente 
rhysieal of 1.71 “ev maximum bets radiation corresponds to 
ene=fourth roentgen of the unfiltered 259 KvP, 15 ma 
m-ratiation 2t the 50% dose level for these cells. As 
with the granulocytes, the lowered Sose rate and ambient 
temperature may cause the reduced effect of beta conmzered 
to xeradiantion. Anothcr major cause of this deviation 
is the clumping of the celis in the susrension as they 
asttle out unter gravity during the overnight exposure to 
the “hot" buffered Ringer's. This makea the actual dose 


Zees than th:t exlculated for a uniform cell suspensicn. 
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6. “esplratory netaboliea values 


The absolute values of oxygen uptake are aversged in 
ths table below. 


the So, wae computed from Mg, (millien celle) by using 


ae 


the experimental values of 10.3 miliion granulocytes per 
milligram dry weight and 25.2 million lympheeytes per 
Millieram ary weight. 

Note thet no inerease in op such age would indleate 
more immature prenuloeytes was found between first and 
aunseauent cuitures, except that the Qo for the exudates 
obtained after 4 three-week rest following a culture 
e¢ries were about G27 higher than the average of all 
erenulocyte detertinationa. No correlation was foun? 
betyeen Qo anil the age of the ¢ell suepension when 
respiration measurements began. 


Humber of Number of fn (108 eelis} oe 
Cell type cultures samples 2, 2 
Granulocyte, 4 16 0,261 ? 


first culture 


Granulceyta, 
second culture 4 24 254 2,82 


Granulseyte, 
sericea at weekly 
intervals 13 76 249 2.56 


Granulocyte, 
3 weeks after 
orevious “harvest— 


ane” % 14 335 56433 


Granulocyte, 
average of all 


Pian s 


~V opieey te 


#} 
64 
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130 


= 2Qer 


we 00 
17.3 





Dieseussion 


in theae studies large doses of penetrating radiations 
were founc necessary to denreas the reaniration of the 
mature white bleod cells, S80, althsuch it is a cuentitetive 
MeASUPe, Oxygen upteke is net a sensitive eriterion sf ¢ell 
lamage, The pharoecytic index or the nucleic acid meta~ 
beliem demonstrated with radieactive tracer technicues 
eould be equally quantitative, and might be more sensitive 
indicators of radiation effect on leukocytes. 

The threshold of radiation effect observed in the 
oxyeen uptake of granulocytes and the initial depression 
in the uptake of the irradiated lymphocytes cause moat of 
the cifference between the response of the two cell types. 
The exronential portions of the two curves have nearly 
the same slopes. Vadisation has four times the effect 
on lymcohocytes as on granulocytes in terms of the dcgse 
required te reduce the oxygen uptake to 50% of ecntrol. 
Yut if the thresheld effeets are ignored, and the ex 
monential portions of thse two curvea are compared, 
ratiation hag only 1,4 times the effect on lymhocrtes 
teat it has on granulocytes. 

The radiation effects in vitro were shown to vary inversely 
with ths ecranuleecrte concentration of the suspenecion over a 
ranre of one to sixteen times their coneentration in the 
-eripheral blood. During the in vivo exnocsure the 


circulating leukocytes are surrounded by 600 times their 


wo) Sue 





numoer of erythrocytes. It seema reasonable to surmise 
that the erythrocytes afford the leukocytes this same 
protection during the in vivo irradiation, 

Secause auch large doses cf radiation were required for 


Seetruction of the peripheral white blood eells in 





diuzege to their precursors in the myeloid and lym-neid 
hemetopoietic tissue rather then direct effect on the 
mature circulsting cells may account for the lympherenia aa 
well ag for the granulecytopenia which follows whole-body 
emmogure to large amounts of penetreting ionizing rediation. 

Large desages to three cell euspensiens at lor 
temperatures (10—-20°9C) gave no Gepreasion of respiration. 
Phie may be due to an "ineireet setion® or it may be an 
snomelous effect, because thene semrler had high eel 
eoneentretions. Further work within narrow concentration 
limits, over a range of temperatures frem 0-40°C, and 
at eonetent Aacsage, is necessary before coneclusicne ean 
be feirly Grawn ecneerning the temnerature effects). “ueh 
@ etudy with these leukocytes might demonstrate o definite 
texpernature devendence for radgletion effects. 

The inderendence found between radiation effeet ard 
Sanoubsation time" argues against the “Aindireet action" 
ecnoent which predicta that longer ex-caure to the 
irreliated nediun causes freater depreesion of cell 
eetivity. This is not a conclusive reault, however, 


beenuse the time lag between radiation exposure and 
3 Que 





resriraticn sexnsurement in this exmeriment was emell and 
constant in comparison to the life cf the granulocytes, 
and the cells were held at room temperature instead of at 
g7°c, 

The linear dependence of rediation effect cn the 
hydrogen ion ecneentration of the suspension when near 
the pnyslological pl of 7.4 strongly suggeeta an 
*andireet action" vchenomenon. Yowever, the radiaticn 
effects, when plotted, followed, in general, a holistic, 
gingle-event action curve, saa would be predicted by the 
"Rit theory®. Probably both explanations ef the 
muchaniers of radieticn damage to the cell are necestery. 


They ean be combined qualitatively in some such etutement 
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ee! he 


rimary Lonizgetions in the large protein molecules 


bed 


‘3 


of the cell precuce cell decomposition procucts, anc in 
the ator environment produce active radicuis. these are, 
or cause, chemical chances, and ao an alteration of the 


eel1 function resvits. 
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Conolugions 


Theee in yitro studies confirm the previous findings 
that: 

1. Leukocyte respiration is depressed by large 
dowea cf radiation. 

@. Lymphocytes obtained from the anpen@ix ere 
much more sensitive te radiation than are the granulocytee 
obtained from the reritoneal exudate obtained exrerimentally, 
oniy one-quarter cf the dese being required for the same 
effect. 

Tt has also been shown by these studies that: 

5. Where granulocytes are used ae a diolorical 
indieator, 1.7 rep cf pode beta radiation is equivalent to 
ene reentgen of unfiltered xeradiation (HVL 0.650 me. Cu). 

4, The radiation effects vary inversely with 
granulocyte concentration in the suspension, over the range 
from one to sixteen times their concentration in the 
peripheral blood, 

5. Radiation effects on the oxyzen uptake are 
stron iy dependent upon the nH of the suspending medium, 
ana directly preportional to the hydrogen ion concentration 
over a range of one rH unit centered around the pF of blood. 

6. Irradiation at 10-20°C has no definite effect 
6n reeriration, nor does the “ineubstion time’ after 
irradiation. 


aot im 





It ise concluded that: 
7. Vestruction of the peripheral white blood 
cells is possibly a minor factor in radiation injury. 
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